Three new (oligo)thiophene bipendant-armed ligands, derived from 2-(aminomethyl)-15-crown-5, have been synthesized by reductive amination of formyl thiophenes in the presence of NaBH(OAc) 3 . The photophysical properties of the ligands were studied and they were also evaluated as chemosensors in the presence of Na(I), Ag(I), Pd(II) and Hg(II) cations in acetonitrile solution. The synthesis of functionalized (oligo)thiophene derivatives is a very challenging and interesting topic in organic synthesis due to their several optoelectronic applications such as conducting polymers, organic light emmiting diodes (OLEDs), photovoltaic cells, nonlinear optical and multiphoton absorbing materials, etc.
analytes such as cations and anions, being the subject of intense research during the past decade. 3 In recent years we have synthesized and characterized several functionalized (oligo)thiophene derivatives, which exhibited excellent thermal stability, conducting, solvatochromic, electrochemical, fluorescence and nonlinear optical (NLO) properties, 4 and also for sensor applications. 5 We were therefore motivated to explore the potential of π-electron conjugated (oligo)thiophene moieties as pendant substituents on amine-crown ether derivatives as potential new sensors for cations.
The NaBH(OAc) 3 is a versatile and extraordinarily useful reagent for the N-alkylation of primary and secondary amines with aldehydes and ketones in a novel amination process. 6 The reductive amination using NaBH(OAc) 3 as the reductive agent has been used recently to prepare several armed azacrown ethers having aromatic and (hetero)aromatic pendants such as 3,5-difluorobenzyl, pyridinylmethyl and quinolinylmethyl at normal pressure or under high pressure conditions (1 Mpa).
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The tertiary amines 2a-c (Scheme 1, Table 1 ) functionalized with a crown ether moiety and two (oligo)thiophene pendants were synthesized by reductive amination of the corresponding macrocycle, 2-(aminomethyl)-15-crown-5, with formyl thiophene derivatives 1a-c in the presence of NaBH(OAc) 3 in 1,2-dichloroethane (DCE), at room temperature in a one pot reaction. Ligands 2a-c were obtained as oils in fair to good yields (32-64%). 8 As far as we know, this is the first time that the synthesis and characterization of tertiary amines bearing two (oligo)thienylmethyl pendants and a crown ether unit is reported.
< Scheme 1 > < Table 1 > In order to study the potential application of ligands 2a-c as chemosensors for metal cations, the characterization by absorption and fluorescence emission spectroscopies was carried out.
Several (oligo)thiophene moieties were used in order to study the influence of the length of the π-conjugated system on the overall optical properties of compounds 2a-c.
Absorption and emission spectra of compounds 2a-c in acetonitrile were obtained and revealed that the wavelength of maximum absorption was shifted to longer wavelengths as the number of thiophene units increased, ca. 50-65 nm for each added thiophene (Table 1) .
Compound 2a, with a thiophene unit, was not emissive, while compounds 2b and 2c, bearing bithiophene and terthiophene moieties, respectively, showed an emission band centered at 378 and 437 nm respectively ( Figure 1 , Table 1 ). As can be seen, the trend found for the absorption spectra was also observed in the emission spectra as the position of the wavelength of maximum emission was red-shifted with the increase of the number of thiophene units. The fluorescence quantum yields were determined using a 0.1 M solution of 1-naphthylamine in cyclohexane as standard (Φ F = 0.46) 9 and for this reason they will preferably coordinate to soft donor atoms such as sulfur.
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Taking this into account, as well as the fact that, depending on the counter ion, 15-crown-5 moieties have a preference for Na(I) cations, 1a modulation of the emission properties can be attained by adding protons and sodium atoms before the introduction of soft metals. Protons will bind to the lone pair of electrons present at the amine nitrogen atom, and the emission is expected to increase because the photoinduced electron transfer process (PET) from the amine to the chromophore is interrupted. 11 On the other hand, when Na(I) is added, it will occupy the crown ether unit.
Keeping this idea in mind, we decided to perform spectrofluorimetic titrations of compounds 2b-c with standard solutions of methanesulphonic acid, Na(I), Ag(I), Pd(II) and Hg(II)
cations. After addition of one proton equivalent to ligands 2b-c, in both cases the emission of the free ligands was increased in ca. 30%. The addition of one equivalent of Pd(II) to these solutions resulted in an increase in the emission only for compound 2b, confirming the interaction between the metallic species and the ligand. No effect was observed when Ag (I) and Hg(II) were added.
More information about Pd(II) complexation can be obtained by the UV-vis spectra. Upon interaction with Na(I) the absorption spectra of compound 2b was not affected, but with the increasing addition of Pd(II) the band centered at 315 nm was red-shifted to 320 nm. This effect could be attributed to the metal ion coordination by the chromophore, which indicates that cation complexation results in the rigidification of the conjugated system. 3c,12 In another approach, and in order to involve the crown ether in complexation before the addition of Pd(II), one equivalent of Na(I) ions were added to acidic solutions of ligands 2b-c.
Again, an increase in the intensity of the emission of 2b in ca. of 10% was observed. This results was also observed when a equivalent of proton and Na(I) were added to a solution of ligand 2c.
This observation confirmed the interaction of sodium with the crown ether unit. Addition of Pd(II) to this solution gave a similar result to the one described previously (only with the addition of acid), i.e. an increase in the emission intensity of ca. 50%. Once the crown is occupied in complexation, we can suppose that Pd(II) ions interact with the sulfur atoms at the thiophene units (Figure 2 ).
< Figure 2 >
For compound 2c, bearing two terthiophene pendants, no effect was observed upon Pd(II)
interaction. This result could indicate that there is a relationship between the length of the (oligo)thiophene π-conjugated system and the sensing ability towards Pd(II) ions. Factors such as the different degrees of torsion between the thiophene units, in the various chains (thiophene, bithiophene and terthiophene), could lead to variations in the effective conjugation length, affecting the planarity and the steric hindrance of the whole heteroaromatic system. (open-shell), its presence normally produces a quenching in the fluorescence intensity.
14 Many examples are reported on the literature for Pd(II) detection based on the CHEQ effect but less attemption has been paid to systems in which this metal produces a CHEF effect.
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In conclusion, we report here the synthesis of a novel family of fluorescent ligands derived from (oligo)thiophene and 2-(aminomethyl)-15-crown-5 moieties. To the best of our knowledge, this is the first time that a tertiary amine has been prepared bearing two pendant 8. General method for the synthesis of compounds 2a-c: the corresponding 2-formylthiophene 1a-c (2.2 mmol), 2-(aminomethyl)-15-crown-5 (1 mmol) and NaBH(OAc) 3 (2.2 mmol) were dissolved in 1,2-dichloroethane (5 mL), under a nitrogen atmosphere. The reaction mixture was stirred at room temperature for 2-6 days. A saturated NaHCO 3 (30 mL) solution was added and the mixture was extracted with chloroform (3 × 30 mL). The organic phase was washed with water (30 mL) and dried with magnesium sulphate. After evaporation of the solvent, the crude residue was purified by column chromatography in silica gel with mixtures of diethyl ether and dichloromethane of increasing polarity to give the pure compounds 2a-c as oils.
N- (1,4,7,10,13-pentaoxacyclopentadecan-2-yl)-N,N-bis(thien-2-ylmethyl) N-(1,4,7,10,13-pentaoxacyclopentadecan-2-yl)-N,N-bis(bithien-5-ylmethyl) 302, 3068, 2923, 2857, 1448, 1426, 1354, 1294, 1248, 1201, 1126, 1044, 938, 838, 800, 695. N-(1,4,7,10,13-pentaoxacyclopentadecan-2-yl)-N,N-bis(terthien-5-ylmethyl) Tables   Table 1 Compd. 
